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54. [Title of the Invention]: Organic Electroluminescence Element 



57. [Abstract]: 
[Object] 

To provide an organic electroluminescence element (EL element) that prevents reflection of 
external light and improves contrast. 



[Structure] 

An organic EL element that sandwiches an organic light emitting layer and a charge injection light 
absorption diffusion layer between a pair of electrodes, at least one of which is transparent or semi- 
transparent, and for an organic EL element that sandwiches an organic light emitting layer between 
a pair of electrodes, an organic EL element for which one of said electrodes is transparent or semi- 
transparent and for which the other has light absorption diffusion properties. 

Claims 

[Claim 1] 

An organic electroluminescence element that sandwiches an organic light emitting layer and a charge 
injection light absorption diffusion layer between a pair of electrodes at least one of which is 
transparent or semi-transparent. 

[Claim 2] 

The organic electroluminescence element of claim 1 wherein sandwiched between a pair of 
electrodes are (a) an organic light emitting layer, (b) a hole injection layer and/or an electron 
injection layer, and (c) a charge injection light absorption diffusion layer. 

[Claim 3] 

The organic electroluminescence element of claim 2 wherein the element structure is (A) positive 
electrode/hole injection layer/light absorption diffusion layer/organic light emitting layer/negative 
electrode, (B) positive electrode/hole injection layer/light absorption diffusion layer/organic light 
emitting layer/electron injection layer/negative electrode, (C) positive electrode/light absorption 
diffusion layer/hole injection layer/organic light emitting layer/negative electrode, (D) positive 
electrode/light absorption diffusion layer/hole injection layer/organic light emitting layer/electron 
injection layer/negative electrode, (E) positive electrode/hole injection layer/organic light emitting 
layer/light absorption diffusion layer/negative electrode, (F) positive electrode/hole injection 
layer/organic light emitting layer/electron injection layer/light absorption diffusion layer/negative 
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electrode, or (G) positive electrode/hole injection layer/organic light emitting layer/light absorption 
diffusion layer/electron injection layer/negative electrode. 

[Claim 4] 

The organic electroluminescence element of claim 1 wherein for an element structure whereby 
between a pair of electrodes are sandwiched an organic light emitting layer and a hole injection layer 
and/or electron injection layer, the hole injection layer and/or electron injection layer have light 
absorption diffusion properties. 

[Claim 5] 

An organic electroluminescence element characterized in that for an organic electroluminescence 
element which sandwiches an organic light emitting layer between a pair of electrodes, one of said 
electrodes is transparent or semi-transparent, and the other has light absorption diffusion properties. 

Detailed Description of the Invention 
[0001] 

[Industrial Field of Application] 

The present invention relates to an organic electroluminescence (hereafter abbreviated as EL) 
element , and more specifically relates to an organic EL element that prevents reflection of external 
light and markedly improves contrast by either providing a light absorption diffusion layer together 
with the organic light emitting layer between a pair of electrodes or by one of the pair of electrodes 
having light absorption diffusion properties. 

[0002] 
[Prior Art] 

An EL element that uses electroluminescence has characteristics such as having high visibility 
because it is auto light emitting, and having excellent shock-resistant properties because it is a 
completely solid state component, so such devices are being noticed for use as light emitting 
elements for various display devices. EL elements include inorganic EL elements that use inorganic 
compounds as their light emitting material and organic EL elements that use organic compounds, 
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and of these, the organic EL elements can have a significantly lower applied voltage, so there is 
active research for putting these into practical use as the next generation display elements. The 
aforementioned organic EL element is equipped with an organic compound layer that includes at 
least a light emitting layer, and a pair of electrodes that sandwiches this organic compound layer, and 
specifically, known examples of this have structures such as a base structure of positive 
electrode/light emitting layer/negative electrode, with a hole injection layer or electron injection layer 
provided with this as appropriate, resulting in structures, for example, such as positive electrode/hole 
injection layer/light emitting layer/negative electrode or positive electrode/hole injection layer/light 
emitting layer/electron injection layer/negative electrode. Said hole injection layer has a function of 
conveying holes injected from the positive electrode to the light emitting layer, and the electron 
injection layer has the function of conveying electrons injected from the negative electrode to the 
light emitting layer. Then, by having said hole injection layer interposed between the light emitting 
layer and the positive electrode, more holes are injected to the light emitting layer with a lower 
electrical field, and furthermore, it is known that for electrons injected from the negative electrode 
or electron injection layer to the light emitting layer, the hole injection layer does not transport 
electrons, so they are accumulated at the boundary between the hole injection layer and light emitting 
layer, increasing the light emission efficiency. 

[0003] 

For an organic EL element with this kind of structure, when a voltage is applied between the pair of 
electrodes, at the light emitting layer, an exciton is generated by the re-bonding of an electron 
injected from the negative electrode and a hole injected from the positive electrode, and light is 
emitted by the radiation deactivating process of this exciton. At least one of the electrodes of the pair 
is semi-transparent, and the light is emitted to the outside through an electrode that is transparent or 
semi-transparent. However, for prior art organic EL elements, as described previously, by applying 
a voltage to an organic function layer made from an organic light emitting layer and in some cases 
layers such as a hole injection layer or electron injection layer, light is emitted. This light is then 
fetched from the transparent substrate side, so, for example with radiation of external light from a 
metal negative electrode, there was the problem of a marked decrease in contrast. There were the 
same types of problems for inorganic EL elements as well. To solve this kind of problem, for 
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example, an organic EL element that has a light absorbing diffusion layer on the outside of the 
electrode has been proposed (Unexamined Patent No. 6-5367). However, for this EL element, it is 
necessary to make the metal electrode very thin so as to be semi-transparent, and as a result there was 
the problem that it was not possible to avoid a decrease in the charge injection properties from said 
electrode. Meanwhile, inorganic EL elements that have a light absorption layer or light absorption 
electrode have been disclosed, (International Examined Patent 94-14298 and International Examined 
Patent 94-14299), but this inorganic EL element has a structure whereby the light emitting layer is 
sandwiched by insulation layers, so the material disclosed therein cannot be applied for items for 
which light emission occurs due to charge injection as is the case with organic EL elements. 

[0004] 

[Problems that the Invention Is to Solve] 

The goal of the present invention is to provide an organic EL element that improves this kind of 
disadvantage that prior art organic EL elements have and to prevent external light reflection and to 
markedly improve contrast. 

[0005] 

[Means for Resolving the Problems] 

As a result of intense research by the inventors to develop an organic EL element that improves 
contrast, the inventors discovered that suitable for the purpose of the invention is an element for 
which in addition to an organic light emitting layer, there is provided between the pair of electrodes, 
at least one of which is transparent or semi-transparent, a charge injection light absorption diffusion 
layer or an element for which one of the electrodes of a pair is transparent or semi-transparent and 
the other has light absoiption diffusion properties. The present invention was created based on 
knowledge related to this. Specifically, the first purpose of the present invention is to provide an 
organic EL element for which an organic light emitting layer and a charge injection light absorption 
diffusion layer are sandwiched between a pair of electrodes, at least one of which is transparent or 
semi-transparent. The second puipose of the present invention is to provide an organic EL element 
characterized in that for an organic EL element for which an organic light emitting layer is 
sandwiched between a pair of electrodes, one of said electrodes is transparent or semi-transparent, 
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and the other has light absorption diffusion properties. The organic EL element of the first invention 
has an organic light emitting layer and a charge injection light absorption diffusion layer sandwiched 
between a pair of electrodes as essential structural layers. For this element, the aforementioned pair 
of electrodes must have at least one be transparent or semi-transparent, and organic EL elements are 
normally produced by layering the electrodes and each layer on a substrate made from glass or 
plastic, etc., so when only the electrode in contact with said substrate is transparent or semi- 
transparent, the substrate must also be transparent or semi-transparent. The aforementioned charge 
injection light absorption diffusion layer has both functions of light absorption diffusion and charge 
injection, and here, light absorption diffusion means the effect of absorption or diffusion of visible 
light, while charge injection means the effect of receiving electrons or holes from an electrode or 
charge injection layer and transferring this to the charge injection layer or light emitting layer that 
contacts the light absorption diffusion layer. For an organic EL element, holes from a positive 
electrode are injected to the light emitting layer through the hole injection layer that is sometimes 
provided, while electrons from a negative electrode are injected to the light emitting layer through 
an electron injection layer that is sometimes provided, and light emission is caused by the re-bonding 
of electrons and holes here, so it is necessary that the light absorption diffusion layer provided 
between electrodes also have charge injection properties. Specifically, when providing a light 
absorption diffusion layer between a negative electrode and light emitting layer, said light absorption 
diffusion layer must be equipped with at least the electron injection properties of the charge injection 
properties. Conversely, when providing a light absorption diffusion layer between a positive 
electrode and light emitting layer, said light absorption diffusion layer must be equipped with at least 
the hole injection properties of the charge injection properties. 

[0006] 

There are various embodiments for the organic EL element of this first invention, with examples of 
preferred embodiments including (1 ) for a prior art organic EL element for which an organic function 
layer that includes an organic light emitting layer as an essential structural layer is sandwiched 
between a pair of electrodes, a charge injection light absorption diffusion layer is further provided 
between the pair of electrodes, and (2) for a prior art organic EL element for which an organic 
function layer including an organic light emitting layer and a hole injection layer and/or an electron 
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injection layer is sandwiched between a pair of electrodes, the hole injection layer and/or electron 
injection layer have been given a light absorption diffusion property function. For the structure of 
the organic EL element of the embodiment of (1) noted above, any structure for which an organic 
light emitting layer and a charge injection light absorption diffusion layer are sandwiched as essential 
structural layers between a pair of electrodes is acceptable, and there are no special restrictions, but 
a preferable example would be an element for which (a) an organic light emitting layer and/or 
electron injection layer, and (b) a hole injection layer, and (c) a charge injection light absorption 
diffusion layer are sandwiched between a pair of electrodes. As specific examples of this type of 
element, for element structures such as the following: 

(1) Positive electrode/organic light emitting layer/negative electrode 

(2) Positive electrode/hole injection layer/organic light emitting layer/negative electrode 

(3) Positive electrode/organic light emitting layer/electron injection layer/negative electrode 

(4) Positive electrode/hole injection layer/organic light emitting layer/electron injection 
layer/negative electrode 

we can list elements for which a charge injection light absorption diffusion layer is provided at a 
suitable position between the positive electrode and negative electrode. These are normally layered 
on a substrate made from glass, plastic, etc., but there is no particular restriction on the layering 
sequence on the substrate, and layering can be from the positive electrode or from the negative 
electrode. 

[0007] 

Among the organic EL elements with these structures, we can list as especially preferable structures 
(A) Positive electrode/hole injection layer/light absorption diffusion layer/organic light emitting 
layer/negative electrode, (B) Positive electrode/hole injection layer/light absorption diffusion 
layer/organic light emitting layer/electron injection layer/negative electrode, (C) Positive 
electrode/light absorption diffusion layer/hole injection layer/organic light emitting layer/negative 
electrode, (D) Positive electrode/light absorption diffusion layer/hole injection layer/organic light 
emitting layer/electron injection layer/negative electrode, (E) Positive electrode/hole injection 
layer/organic light emitting layer/light absorption diffusion layer/negative electrode, (F) Positive 
electrode/hole injection layer/organic light emitting layer/electron injection layer/light absoiption 
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diffusion layer/negative electrode, (G) Positive electrode/hole injection layer/organic light emitting 
layer/light absorption diffusion layer/electron injection layer/negative electrode. For organic EL 
elements of the aforementioned element structures the positive electrode is a transparent or semi- 
transparent electrode, and when the negative electrode is a metal electrode, the aforementioned 
structures (E), (F), and (G) are advantageous. The reason for this is that with the structures (E), (F), 
and (G), the light absorption diffusion layers absorb and diffuse external light only, and emitted light 
of the organic EL element is observed directly from the transparent electrode. Conversely, when the 
negative electrode is transparent or semi-transparent, and light is fetched from the negative electrode 
side, then the aforementioned structures (A), (B), (C), and (D) are advantageous. As will be 
described hereafter, it is also acceptable for the hole injection layer and electron injection layer to 
themselves be formed from multiple layers. Therefore, as with a structure of positive electrode/first 
hole injection layer/light absorption diffusion layer/second hole injection layer, it is also acceptable 
to make insertions between charge injection layers. Figure 1 is a cross section diagram that shows 
an example of the element structure when the positive electrode is transparent or semi-transparent 
and the negative electrode is a metal electrode for the organic EL element of the present invention, 
and sequentially layered on transparent substrate 1 are transparent or semi-transparent positive 
electrode 2, hole injection layer 3, organic light emitting layer 4, light absorption diffusion layer 5, 
and metal electrode negative electrode 6. 

[0008] 

Next, the organic EL element of the embodiment in (2) noted above has a light absoiption diffusion 
function given to the hole injection layer and/or the electron injection layer, while the hole injection 
layer has both a hole injection and light absorption diffusion function and the electron injection layer 
has both an electron injection and light absorption diffusion function. There are a variety of 
structures for this kind of organic EL element, with examples including (H) Positive electrode/light 
absorption diffusion hole injection layer/organic light emitting layer/negative electrode, (I) Positive 
electrode/light absorption diffusion hole injection layer/organic light emitting layer/electron injection 
layer/negative electrode, (J) Positive electrode/organic light emitting layer/light absoiption diffusion 
electron injection layer/negative electrode, and (K) Positive electrode/hole injection layer/organic 
light emitting layer/light absorption diffusion election injection layer/negative electrode. For the 
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organic EL elements of the element structures noted above, when the positive electrode is transparent 
or semi-transparent and the negative electrode is a metal electrode, for the same reasons noted above, 
the aforementioned structures (J) and (K) are advantageous. Conversely, when the negative electrode 
is transparent or semi-transparent and light is fetched from the negative electrode side, the 
aforementioned structures (H) and (I) are advantageous. The aforementioned light absorption 
diffusion hole injection layer and light absorption diffusion electron injection layer can be produced 
by including a light absorption diffusion substance in the hole injection layer or electron injection 
layer. 

[0009] 

For the organic EL element of the present invention, as a substance having both charge injection 
properties and light absorption diffusion properties to form the charge injection light absorption 
diffusion layer, when said light absorption diffusion layer is provided on the negative electrode side 
from the organic light emitting layer, examples that can be used include a mixture including n-SiC 
or graphite, a metal oxide, and a metal of work function 4.0 eV or less to be described hereafter, a 
mixture of a metal oxide and an organic compound preferably used in the electron injection layer to 
be described later, a mixture of a metal of work function 4.2 eV or less with an organic compound 
preferably used as the electron injection layer to be described later (specifically a mixture such as 
aluminum and tris (8-hydroxyquinoline) aluminum), or a metal super fine particle (average grain 
diameter approximately 100 um or less) of work function 4.0 eV or less. Furthermore, it is possible 
to use a compound shown by general formula (I) 

[0010] 

[Chemical Formula 1] 

[Please refer to formula on page 4 of original Japanese document - Translator's note] (I) 
[0011] 

(where in the formula, R is an alkyl group, M is an alkaline metal such as sodium or potassium or 
an alkaline earth metal such as calcium, and n shows the valence of M) (the compound can include 
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water of crystallization), and the vacuum vapor deposition film of this compound absorbs visible 
light as noted in Unexamined Patent No. 64-17849. These substances can be used in a combination 
of two or more types. Among the compounds that have both the charge injection and light absoiption 
diffusion functions noted above, a mixture of a metal oxide and the organic compound used for the 
electron injection layer and a mixture of a metal of work function 4.2 eV or less and the organic 
compound used for the electron injection layer can be used to form the light absorption diffusion 
electron injection layer of the embodiment of (2) noted above. Meanwhile, when providing the light 
absorption diffusion layer on the positive electrode side from the organic light emitting layer, as a 
substance having both a charge injection and light absorption diffusion function. Examples that can 
be used include the following: a mixture including graphite, a metal oxide, and a metal of work 
function 4.0 eV or greater to be described hereafter; a mixture of a metal oxide and an organic 
compound preferably used in the hole injection layer to be described later; a mixture of a metal of 
work function 4.2 eV or greater and an organic compound preferably used as the hole injection layer 
to be described later; a metal super fine particle (average grain diameter approximately 100 urn or 
less) of work function 4.0 eV or greater; or a compound that absorbs visible light such as 
polyacetylene. It is also acceptable to use two or more of these substances combined together. 
Among compounds that have both the aforementioned charge injection and light absorption diffusion 
functions, the mixture of a metal oxide and the organic compound used for the hole injection layer 
and the mixture of a metal of work function 4.2 eV or greater. The organic compound used in the 
hole injection layer can be used to form the light absorption diffusion hole injection layer of the 
embodiment of (2) noted above. 

[0012] 

There are no particular restrictions on the method of producing the light absorption diffusion layer 
for the organic EL element of the present invention. Methods such as a spin coating method, casting 
method, or vapor deposition method, etc. can be selected as appropriate for the substance being used, 
but the vacuum vapor deposition method is optimal. This is because not only is it easy to obtain an 
even film, but as will be described later, it is preferable that the organic light emitting layer and hole 
injection layer and electron injection layer be produced using a vacuum vapor deposition method. 
So, it is possible to produce the film without breaking the vacuum if the same production method 
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is used, making it possible to save production time and labor. It is also possible to prevent the mixing 
in of impurities. When using this vacuum vapor deposition method, the vapor deposition conditions 
differ according to the type of substance used for the light absorption diffusion layer, but when it is 
an organic compound, typically the conditions can be suitably selected from a range of heating 
temperature 50 to 500 °C, vacuum level 10~ 6 to 10 3 Pa, vapor deposition speed 0.01 to 50 
nm/second, and substrate temperature 50 to 300 °C. Meanwhile, when it is an inorganic substance 
such as a metal, metal oxide, or graphite, the heating temperature is normally higher at 500 to 4,000 
°C. Of inorganic substances, for items with a high melting point such as graphite, it is preferable to 
use a vapor deposition method, such as the sputtering method, electron beam vapor deposition 
method, or arc vapor deposition method, which can produce film even from items with a high 
melting point even. There are no particular restrictions regarding the film thickness of light 
absorption diffusion layers obtained in this way, but a range of 10 nm to 100 um, is preferable, and 
a range of 10 nm to 1 um is especially preferable. 

[0013] 

Next, the organic EL element of the second invention has an organic light emitting layer sandwiched 
as an essential structural layer between a pair of electrodes, and one of said electrodes is transparent 
or semi-transparent while the other has light absorption diffusion properties. To give light absorption 
diffusion properties to an electrode, in the case of a negative electrode, for example, the electrode 
can be produced from a mixture of a substance that has light absorption diffusion properties and a 
metal of work function 4.0 eV or less. Here, examples of metals of work function 4.0 eV or less 
include rare earth metals such as Ca, Li, Yb, Na, Y, Gd, Ba, Cs, Sr, or Mg as well as alkaline metals 
and alkaline earth metals. A specific example of this kind of negative electrode would include a 
mixed electrode of graphite and Li or a mixed electrode of a metal oxide and Ca. Meanwhile, in the 
case of a positive electrode, the electrode can be produced from a mixture of a substance having light 
absorption diffusion properties and a metal of work function 4.0 eV or greater. Examples of metals 
with a work function of 4.0 eV or greater include Au, Ni, Ag, Pt, and Cu, etc. Structures that can be 
used for the organic EL element of this second invention are the same structures as listed in the 
above items (1) through (4). 
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[0014] 

Figure 2 is a cross section diagram that shows the structure of an example when light absorption 
diffusion properties are given to the negative electrode for the organic EL element of the present 
invention, and sequentially layered on transparent substrate 1 are transparent or semi-transparent 
positive electrode 2, hole injection layer 3, organic light emitting layer 4, and light absorption 
diffusion negative electrode 6'. Next, for the organic EL element of the present invention, we will 
explain the layers that differ from the ones explained so far. First, for the positive electrode, it is 
preferable to use as the electrode substance a high work function (4 eV or greater) metal, an alloy, 
or an electrically conductive compound, or a mixture of these, etc. Specific examples of this kind 
of electrode substance include metals such as Au, or conductive, transparent materials such as Cul, 
indium tin oxide (hereafter abbreviated as ITO), Sn0 2 , or ZnO, etc. Said positive electrode can be 
produced by forming a thin film of these electrode substances using a method such as vapor 
deposition or sputtering, etc. When fetching light emission from this electrode, it is preferable to 
make the transmissivity greater than 10%, and to have the sheet resistance as an electrode be a few 
hundred Q/D or less. Furthermore, though it depends on the material, the film thickness is normally 
preferably 10 nm to 1 um, and more preferably 10 to 200 nm. 

[0015] 

Meanwhile, as the negative electrode, a small work function (4 eV or less) metal, an alloy, a 
conductive compound, or a mixture of these, etc. is used as the electrode substance. Specific 
examples of such an electrode substance include sodium, a sodium-potassium alloy, magnesium, 
lithium, a magnesium-silver alloy, Al/A10 2 , indium, and rare earth metals, etc. Said negative 
electrode can be produced by forming a thin film of these electrode substances using a method such 
as vapor deposition or sputtering, etc. It is also preferable that the electrode sheet resistance be a few 
hundred Q/D or less, and that the film thickness normally be 10 nm to 1 um and more preferably 
50 to 200 nm. For the organic EL element of the first invention, the aforementioned positive 
electrode and negative electrode must have at least one be transparent or semi-transparent, and for 
the organic EL element of the second invention, one of the positive and negative electrodes must be 
transparent or semi-transparent, and the other must have light absorption diffusion properties as 
described above. 
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[0016] 

Also, the organic light emitting layer has functions such as ( 1 ) an injection function that can inject 
holes using the positive electrode or hole injection layer and can inject electrons from the negative 
electrode or electron injection layer when an electric field is applied, (2) a transfer function that 
moves the injected charge (electrons and holes) by the force of the electric field, and (3) a light 
emitting function that provides a place for re-bonding electrons and holes within the light emitting 
layer and links this to light emission. There are no particular restrictions for the type of light emitting 
material used for this light emitting layer, but materials known as organic light emitting materials 
for prior art organic EL elements can be used. Specific examples of this kind of organic light 
emitting material include fluorescent whitening agents such as benzothiazole, benzoimidazole, or 
benzooxazole, metal chelating oxynoid [research could not confirm this term - Translator's note] 
compounds, styryl benzene compounds, distyryl pyrazine derivatives, aromatic dimethylidine 
compounds, etc. The organic light emitting layer can be formed only by an organic light emitting 
material, or can also be formed by a mixture of an organic light emitting material and a hole transfer 
material and/or electron injection material. Specific examples of a material for the organic light 
emitting layer in this case includes molecular dispersion polymers in which a small volume of an 
organic light emitting material such as coumarin is dispersed in a polymer such as polymethy] 
methacrylate, bisphenol A, or polycarbonate (PC), etc., polymers in which distyryl benzene 
derivatives are introduced into a polycarbonate frame, or materials for which electron injection 
oxadiazole derivatives are dispersed in a conjugate polymer such as a polyphenylene vinyl (PPV) 
derivative, a polyalkylthiophene (PAT) derivative, a polyalkylfluorene (PAF) derivative, a 
polyphenylene (PP) derivative, or a polyallylene (PA) derivative or dispersed in a hole transfer 
polyvinyl carbazole. 

[0017| 

Next, the hole injection layer is a layer made from a hole transmission compound, it has a function 
of transmitting the hole injected from the positive electrode to the light emitting layer, and by 
interposing this hole injection layer between the positive electrode and the light emitting layer, more 
holes are injected into the light emitting layer with a lower electric field. In addition to this, electrons 
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that are injected into the light emitting layer by the negative electrode or the electron injection layer 
use an electron barrier interposed at the boundary of the light emitting layer and the hole injection 
layer to improve the light emitting efficiency of the EL elements accumulated near the boundary 
within this light emitting layer, making an EL element with excellent light emitting performance. 
There are no particular restrictions on the hole transmission compound used for this hole injection 
layer, and a material known as a hole transmission compound for prior art organic EL elements can 
be used. Specific examples of this kind of hole transmission compound include triazole derivatives, 
oxadiazole derivatives, imidazole derivatives, polyarylalkane derivatives, pyrazoline derivatives, 
pyrazolone derivatives, phenylenediamine derivatives, arylamine derivatives, amino [acid] 
substitution chalkone derivatives, oxazole derivatives, styryl anthoracene derivatives, fluorenone 
derivatives, hydrazone derivatives, stilbene derivatives, silazane derivatives, polysilane compounds, 
aniline polymers, and specific conductive high molecular oligomers such as thiophene oligomers. 

[0018] 

Furthermore, the electron injection layer has a function of transmitting electrons injected from the 
negative electrode to the organic light emitting layer. There are no particular restrictions on the 
electron transmission compound used for this electron injection layer, and a substance known as an 
electron transmission compound for prior art organic EL elements can be used. Specific examples 
of this kind of electron transmission compound include nitration fluorenone derivatives, 
anthraquinodimethane derivatives, diphenyl quinone derivatives, thiopyrandioxide derivatives, 
heterocyclic tetracarbonyl anhydrides such as naphthalene perylene, carbodiimide, fluorenylidene 
methane derivatives, anthrone derivatives, oxadiazole derivatives, and metal complexes of 8- 
quinolinol or its derivative, examples including tris (8-quinoliniol) aluminum, bis (8-quinolinol) 
magnesium, bis (benzo-8-quinolinol) zinc, bis (2-methyl-8-quinolilate aluminum oxide, tris (8- 
quinolinol) indium, tris (5-methyl-8-quinolinol) aluminum, 8-quinolinol lithium, tris (5-chloro-8- 
quinolinol) gallium, bis (5-chloro-8-quinolinol) calcium, tris (5, 7-dichloro-8-quinolinol) aluminum, 
tris (5, 7-dibromo-8-quinolinol) aluminum, bis (8-quinolinol) beryllium, bis(2-methyl-8- 
quinolinol)beryllium, bis (8-quinolinol) zinc, bis (2-methyl-8-quinolinol) zinc, bis (8-quinolinol) tin, 
tris (7-propyl-8-quinolinol) aluminum. The aforementioned organic light emitting layer, hole 
injection layer, and electron injection layer can be formed by one layer made from one or two or 
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more of these materials, or can have two or more layers of a layer made from different materials 
layered together. 

[0019] 

Next, we will explain a good method for producing the organic EL element of the present invention 
using the example of an element having the structure of positive electrode/hole injection 
layer/organic light emitting layer/electron injection layer/light absorption diffusion layer/negative 
electrode. First, on a suitable substrate, a thin film made from a desired electrode substance such as 
a positive electrode substance, for example, is formed using a method such a vapor deposition or 
sputtering to make a thin film that is less than 1 um thick, preferably in the range of 10 to 200 nm, 
and thus the positive electrode is produced. Next, thin films made from the hole injection layer, 
organic light emitting layer, electron injection layer, and light absorption diffusion layer materials 
that are the element materials are formed sequentially on this. We already described production of 
the light absorption diffusion layer, and as other production methods for thin films, there are the spin 
coat method, casting method, and vapor deposition method, etc. However, in light of the fact that 
it is easy to obtain an even film and that pin holes do not occur easily, the vacuum vapor deposition 
method is preferable. When using this vapor deposition method to make this film thinner, the vapor 
deposition conditions differ according to the types of compounds used, to the desired crystal 
structure of a molecular deposition film, and to the association structure, etc., but generally it is 
preferable to select appropriately from ranges of port heating temperature 50 to 500 °C, vacuum level 
10~ 6 to 10 3 Pa, vapor deposition speed 0.01 to 50 nm/second, substrate temperature -50 to 300 °C, 
and film thickness 5 nm to 5 um. After forming these layers, on top of this, a thin film made from 
a negative electrode substance is formed using a method such as vapor deposition or sputtering so 
as to have a film thickness in the range of 1 um or less, and preferably 50 to 200 nm, and the desired 
El element is obtained by providing a negative electrode. For production of this EL element, the 
production sequence can be reversed, with production in the sequence of negative electrode, light 
absorption diffusion layer, electron injection layer, organic light emitting layer, hole injection layer, 
and positive electrode. 

[0020] 
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Also, as a production method for an element made from a positive electrode/mixed layer/light 
absorption diffusion layer/negative electrode that is sandwiched between a pair of electrodes in the 
form of a mixture of a hole injection layer, organic light emitting layer, and electron injection layer, 
examples include a method of forming a thin film made from a positive electrode substance on a 
suitable substrate and coating this with a solution made from something like a bonding agent such 
as a hole injection material, light emitting material, electron injection material, polyvinyl carbazole, 
polycarbonate, polyarylate, polyester, or polyether, or a method of having a mixed layer for which 
a thin film is formed from this solution using a dip coating method, and on this is formed a light 
absorption diffusion layer, and on top of this is formed a thin film made from a negative electrode 
substance. When a direct current voltage is applied to an organic EL element obtained in this way, 
when a voltage of 5 to 40 V is applied with positive electrode as + and the negative electrode as -, 
light emission can be observed. With the reverse polarity, even if a voltage is applied, current does 
not flow and there is absolutely no light emission. Furthermore, when applying an alternating current 
voltage, light is emitted only when the positive pole is + and the negative pole is -. Note that any 
waveform can be used for the applied alternating current. 

[0021] 

[Working Example] 

Next, we will give a more detailed explanation using working examples of the present invention, but 
the present invention is not limited in any way by these examples. 

Working Example 1 

An ITO electrode formed at a thickness of 100 nm on top of a glass substrate of size 25 mm x 75 mm 
x 1 . 1 mm was used as a transparent support substrate. After doing ultrasound cleaning of this for 30 
minutes using isopropyl alcohol, a pure water rinse was done for 30 minutes, and finally, ultrasound 
cleaning was again done for 30 minutes using isopropyl alcohol. Next, this transparent support 
substrate was fixed to a substrate holder of a vacuum vapor deposition device available on the 
market (Ulvac, Inc.), 200 mg of N, N'-diphenyl-N, N'-bis-(3-methylphenyl)-[l, l'-biphenyl]-4, 4'- 
diamine (TPD) was put into a resistance heating port made of molybdenum, and 200 mg of tris (8- 
hydroxyquinoline) aluminum complex (Alq) was put into a different resistance heating port made 
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of molybdenum. Also, graphite was set on an arc vapor deposition device. After reducing the 
pressure in the vacuum chamber to 1x10^ Pa, the port with TPD in it was heated and the TPD was 
deposited on the substrate to form a hole injection layer of film thickness 60 nm. Then, from the 
other port, Alq was vapor deposited to form a 60 nm multi-layer light emitting layer. 30 nm of 
graphite was deposited on this using the arc vapor deposition method, providing a light absorption 
diffusion layer. 

[0022] 

Next, this was fetched from the vacuum chamber, a stainless steel mask was placed on the 
aforementioned light emitting layer, and this was once again fixed to the substrate holder. 0.5 g of 
silver wire were placed in a tungsten basket, and 1 g of magnesium ribbon was placed in another 
molybdenum port, after which the vacuum chamber pressure was reduced to 1 x 10^ Pa, and the 
magnesium and silver were vapor deposited at an atomic ratio of 10:1 to produce a negative 
electrode. When we found the contrast using the method shown below for an element obtained in 
this way, the contrast was 80. 

Contrast Measuring Method 

First, under the fluorescent light of a normal laboratory, while the element was placed with the light 
emitting surface facing up on a designated platform, an incandescent light bulb (100 W) was placed 
at a distance of approximately 50 cm from the element slanting upward. Then, while the 
incandescent light was left on, a voltage of 9 V was applied to the element, and the brightness when 
said element was emitting light and the brightness when voltage was not applied to the element were 
measured by a color tone color difference meter (Minolta Co. Ltd. CS-100), and the contrast was 
calculated by the formula: 

Contrast = [Brightness when voltage is applied (during light emission)]/[Brightness when voltage 
is not applied (when no light is emitted)] 

Note that the optical environment during brightness measurement was a representative optical 
environment modeled on a case of actually using an organic EL element. 

[0023] 
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Working Example 2 

Other than the fact that a graphite layer was not provided, deposition up to the Alq layer was done 
in the same manner as working example 1. Next, lithium was put into the molybdenum port, graphite 
was set in the arc vaporization device, the vacuum level was reduced to 1 x 10"* Pa, joint vapor 
deposition of lithium and graphite was done to achieve an atomic ratio of 1:99, and a lithium and 
graphite mixed electrode (Li concentration 1 atomic %, negative electrode that has light absorption 
diffusion properties) was provided on the Alq layer. When contrast for an element obtained in this 
way was found in the same manner as that used for working example 1, the contrast was 78. 

[0024J 

Comparative Example 1 

Other than not providing a light absorption diffusion layer (graphite layer) as for working example 

1, an organic EL element was produced in the same way as working example 1, and when the 
contrast of this element was found, compared to the elements obtained in working examples 1 and 

2, the contrast was markedly lower at 1 1. 

[0025] 

[Merits of the Invention] 

The organic EL element of the present invention prevents reflection of external light and markedly 
improves contrast by providing a light absorption diffusion layer together with the organic light 
emitting layer between a pair of electrodes, or by having one of the pair of electrodes have light 
absorption diffusion properties. The organic EL element of the present invention can be suitably used 
as a light emitting element for various display devices. 

[Brief Explanation of the Drawings] 

Figure 1 is a cross section diagram showing the structure of an example of an organic EL element 
of the present invention. 

Figure 2 is a cross section diagram showing the structure of another example of an organic EL 
element of the present invention. 
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Key: 

1 Transparent substrate 

2 Transparent or semi-transparent positive electrode 

3 Hole injection layer 

4 Organic light emitting layer 

5 Light absorbing diffusion layer 

6 Negative electrode 

6' Light absorption diffusion negative electrode 
[Please see figures in original document - Translator's note] 
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